DlALOG(R)File 352:Derwent WPI 

(c) 2004 Thomson Derwent. All rts. reserv. 



010130606 

WPI Acc No: 1995-031857/199505 

Related WPI Acc No: 2000-467719; 2000-477389 

XRAM Acc No: C95-014254 

XRPX Acc No: N95-025351 

Semiconductor device witli TFT on insulating substrate - includes 

non-single crystal silicone film with crystallinity provided on 

substrate, and has (111) crystal growth face. 
Patent Assignee: SEMICONDUCTOR ENERGY LAB (SEME ); HANDOTAI ENERGY 

KENKYUSHO KK (SEME ) 
Inventor: TAKAYAMA T; TAKEMURA Y; ZHANG H; MIYANAGA A; OHTANI H; 
TAKEYAMAJ 

Number of Countries: 009 Number of Patents: 020 
Patent Family: 



Patent No 


Kind 


Date Applicat No Kind 


Date Week 


EP 631325 


A2 


19941228 


EP 94304663 


A 


19940627 


199505 B 


JP 7321339 


A 


19951208 


JP 94164643 


A 


19940622 


199609 


EP 631325 


A3 


19961218 








199707 


TW 295703 


A 


19970111 


TW 94105677 


A 


19940622 199717 


CN 1100562 


A 


19950322 


CN 94108922 


A 


19940624 


199723 


JP 10064818 


A 


19980306 


JP 94164643 


A 


19940622 


199820 N 








JP 97123091 


A 


19940622 




JP 10064819 


A 


19980306 


JP 94164643 


A 


19940622 


199820 N 








JP 97123092 


A 


19940622 




US 5882960 


A 


19990316 


US 94263351 


A 


19940621 


199918 








US 97911912 


A 


19970815 




US 5895933 


A 


19990420 


US 94263351 


A 


19940621 


199923 








US 95466792 


A 


19950606 










US 97868050 


A 


19970603 




CN 1222752 


A 


19990714 


CN 94108922 


A 


19940624 


199946 








CN 98118382 


A 


19940624 




KR 99055848 


A 


19990715 


KR 9775810 


A 


19971229 


200041 


CN 1267902 


A 


20000927 


CN 94108922 


A 


19940624 


200067 








CN 99124811 


A 


19940624 




CN 1267907 


A 


20000927 


CN 94108922 


A 


19940624 


200067 








CN 99124812 


A 


19940624 




JP 2001057339 


A 


20010227 


JP 97123092 


A 


19940622 


200115 N 








JP 2000207632 


A 


19940622 




KR 299721 


B 


20011215 


KR 9414938 


A 


19940625 


200249 


EP 631325 


Bl 


20030507 


EP 94304663 


A 


19940627 


200333 








EP 2000201134 


A 


19940627 










EP 2000201135 


A 


19940627 




DE 6920432615 


E 


20030612 


DE 94632615 


A 


19940627 


200346 








EP 94304663 


A 


19940627 




US 6730549 


Bl 


20040504 


US 94263351 


A 


19940621 


200430 









US 97911912 


A 


19970815 










US 98222185 


A 


19981229 




KR 306834 


B 


20040211 


KR 9414938 


A 


19940625 


200438 








KR 9775810 


A 


19971229 




US 6756657 


Bl 


20040629 


US 94263351 


A 


19940621 


200443 








US 97911912 


A 


19970815 










US 99238579 


A 


19990128 





Priority Applications (No Type Date): JP 9436616 A 19940208; JP 93180752 A 
19930625; JP 97123091 A 19940622; JP 97123092 A 19940622; JP 2000207632 A 
19940622 

Cited Patents: 3.Jnl.Ref; EP 612102; JP 2148831; JP 58068923; JP 63307776; 

US 5147826; US 5153702 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
EP 631325 A2 E 44 HOlL-029/784 

Designated States (Regional): DE FR GB NL 



JP 7321339 
TW 295703 
CN 1100562 
JP 10064818 
JP 10064819 
US 5882960 
US 5895933 



A 28 HOlL-029/786 
A HOlL-021/331 
A HOlL-021/02 

A 26 HOlL-021/20 

A 29 HOlL-021/20 
A H01L-021/324 
A H01L-021/283 



CN 1222752 A 

KR 99055848 A 

CN 1267902 A 

CN 1267907 A 
JP 2001057339 A 

KR 299721 B 

EP 631325 Bl E 



HOlL-021/00 
HOlL-029/786 
HOlL-021/00 
HOlL-02 1/336 
28 HOlL-021/20 
HOlL-029/78 
HOlL-029/772 



Div ex application JP 94164643 
Div ex application JP 94164643 
Cont of application US 94263351 
CIP of application US 94263351 
Cont of application US 95466792 
Div ex application CN 94108922 



Div ex application CN 94108922 
Div ex application CN 94108922 
Div ex application JP 97123092 
Previous Publ. patent KR 95002076 
Related to application EP 2000201134 
Related to application EP 2000201135 
Related to patent EP 1026751 
Related to patent EP 1026752 
Designated States (Regional): DE FR GB NL 



DE 6920432615 E 



US 6730549 



KR 306834 



US 6756657 



Bl 



HOlL-029/772 
HOlL-021/336 



Bl 



Based on patent EP 631325 
Cont of application US 94263351 
Div ex application US 97911912 
Div ex patent US 5882960 
HOlL-029/786 Div ex application KR 9414938 

Previous Publ. patent KR 99055848 
Cont of application US 94263351 
Div ex application US 97911912 
Div ex patent US 5882960 



HOlL-03 1/036 



Abstract (Basic): EP 631325 A 

The semiconductor device includes a non-single crystal silicone 



semiconductor film, contg. a catalytic metal, with crystallinity on a 
substrate. The crystal growth face is (111). The catalyst is pref. Nl, 
used in trace amounts, applied directly to the substrate or to the 
silicon film alter deposition. The amount of nickel added is in the 
range 10 power 15 to 10 power 19 atoms/cm3. The catalyst promotes 
crystallisation of the amorphous silicon film. 

The semiconductor film crystal growth may occur parallel to the 
substrate surface, approx. in the direction of carrier migration in the 
semiconductor device. The semiconductor device is pref. a transistor, 
with the crystal growth direction matching carrier flow direction in 
the transistor channel. 

USE/ADVANTAGE - E.g. active matrix LCD switching transistors and 
peripheral circuit drive transistors. Reduced temp, and shortened time 
for amorphous silicon recrystallisation. 
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ABSTRACT 

PURPOSE: To obtain a crystalline silicon thin film with improved grain size 
and orientation controllability at relatively low temperature with high 
productibity, by forming the crystal growth surface of the 
non-single-crystal silicon semiconductor film having crystallinity, to be 
formed on a substrate, almost into a (111) plane. 

CONSTITUTION: A silicon oxide film 21 to be a mask is formed on an 
amorphous silicon film 12 on a glass substrate 11. The silicon oxide film 
21 is patterned to obtain a required pattern, and a thin silicon oxide film 
20 is formed by ultraviolet irradiation in an oxygen atmosphere. Then the 
entire surface of the substrate is spin-coated with an acetate solution 
containing nickel to form a uniform liquid film 14. Heat treatment is 
performed to accelerate crystallization of the amorphous silicon film 12. 
During this process, a crystal horizontally grows from the region 22 with 
nickel implanted to the region with no nickel implanted as shown by the 
arrow 23. Thereafter, the cover silicon oxide is stripped using buffer 
hydrofluoric acid, and laser crystallization is performed. Thus a highly 
(lll)-oriented film is obtained. 
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-^T^oTfe. x-^mim^nu^rzm^ iimmiz^ 

[0 0 2 1] ±l2»3S;5^f>. :/^X'v^aSlc itjT^A 
$ nfc- ^r;U*tifeTS!j^WIC«^g bXl^i^c t 5 ^ 
t-/)mm^n^. EP-S, ^SO-'yirjPTS^^ASnXfc 
ic^^g bX L^i^i: ^r;u*t#ffi bX -& i:# A ^ 

(ffi) *^®M^^it:cD^{c«tgbxi.i^<i:#Ae.n-5, 
^ bx. -^mms. K)-y yjnt^mtzm^mz^mvT 

U(Dm¥^m^mm<D^m&mizi&Mi^^^tAi-^mti.m. 
mp^x-^mum o igji*® - ^jvam^ViX'^m b x 

[0 0 2 2] $^mm^mm(o»miS:m(o^tzmmm(D- 
moy^mT&mo^iz^^it^^^-r^mmTtm^mmm 
75^. mmmt.unmm<. m.m^mo)mxm^m.^\z 

[0 0 2 3] sfe. mm7tm<nmxm\imti'>u^^z.ii 

^>Sr^^-r-5^©i:bX. J§?^^ffiV^AcMiK7C*CD^in 
?^j£^*%§^A?>76^%Bjb/t*i. ^:nirotiXtt*BJM 

0. 1X10" atoms c m" ' ~ 1 x l 0 " atoms cm"' 
-S»i«7c;Pg<i:bX, Pd. Pt. Cu, Ag, Au, I 

n. sn. Pb. As. s ht^iE,m\tntz—m^rz\tm 

wW^tc J; 0 #iJB^ bXVi -5 o 
[0 0 2 4] m^^X. ~y^)VWLm.miM^n-o1t^^(D 

f^^^WBi.ui^^mm<r>t^^\z-D\.^xm^. ^^ij^fbrn 
m^n^^^^\tmm\zr:>\,^xm.m^m?i^o 

[0 0 2 5] ±K!i©ao, :=.v^)V^mtR\\.t^\'^m^\Z 

M^m^(Dmm,mi)^^^y^L.\zmt,m^\^. t 
<DW.t^^<nmm^&^mm\z^yyj^x. i^m^mz^ 

oX« (1 1 0) m^U (111) {rltK6<}B2|o]bfcig 

w\zm^xmii^-is.m^^9^timm^n^. 
[0 0 2 6] ^•rz(Dmm^mmt'^<. dsc 

«±(cfig;]Kbfc^^aaa5g»JRS:. a«{coVifeSSIi 
i|ef^gltCite«b, -«jlSX#fibXl.^ofc= -r-S^:, 

*3ct-?-7 0 o*cmf«xB^«t;^c%f^tf-i7*t«^^cn. m 

«^tC«7 0 0. 9"C75^^SgS{b/6^M$Sbfc. 
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ii>rz. T^t. 4oi-5-3. 0 4 e Vi:t/i5ii/&^fi?,n 

[0 0 2 7] wimh±<mm<nm\&=^. -y^ji^mm 

m i n®jiaT#^a^ff orc^-&(C«6 1 9. 9^:75^?, 

©ffitt^t;x:r-Jl.:^^-tt*5j;^l. 8 7 e VT^.oT. 
^eefi*^^^ ^: fcC TV^ -5 ;i t d^*^M6<J{C BJ t f<t 

fife— ^::^rS]CD;^ip]tt$wri) :i td^^i^^tifco 

[0 0 2 8] ±l2l^»WtCj;oT#e.nAc:5'-i5'^TIB 

^ 5 (cs^-r, 

[0 0 2 9] ;ioS5 (c^-rett'ft;x^;u^— tt, 1^*4 20 

[0 0 3 0] 
[^5] 





Sn{t:t.i^Jl'^- (eV) 






1 0^^ 


2.0 4 


2.6 9 


S 096 


1.8 7 


2. 9 0 


5 0% 


1. 8 2 


3.0 6 


7 0 96 


1.81 


3. 2 1 


9 0 9tf 


1.83 


3.3 4 




1. 8 7 


3,0 4 



[0 0 3 1] ±BB«5{c*tts«tt^kx:^;mi-tt, ^ 

n-r^lz-DtiT, J;OigS-fbLic< <fi-5c:<t^^L.T 
Vi^. Sfe, f§tt-fbx:t^;i':^-©^i^M^tfcte-r-5<i:. 
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C i: fcX ^;i/^SO«^^^S^^M©^S^bCD LB 
^ 75^7^1®$ n-i), 

[0 0 3 2] ;^(c. ^[Hl©x-j/>y;u^»^inUfctj©© 
i^SSJg^(C^V=>T. 8 0 0 AcD#^Ka^^ai^M<t L 

•V ^ji'timm i^tzmmz-Di^x. mm^^^m^T^ t . 
'ETu$>^^^t^^mt^'E,n^m^mmzm^m^M.^z 

mm^n. c:®;i<i:«^JiPb;tx-y'^;p^^t,i«-^©S 

fc© t nmz^mzmt^mzm^ifi^^-t^ 
<nm.mz^h^x\i. mm.\zm=T^:^mz^^^^\.miii 
[0 0 3 3] cne>®3i^^H{ci¥iW(cu^Bj-r-5±T'^ 

S-r {h k 1 } ttt. (hkDMtc^ 
(' <hk 1> [hk n lft^'^ffi^^ttSrifeT^^ 

T^c © s^-r sa-^T- -5) , 

[0 0 3 4] =.'y^)v^w^m\^tzmmini&m(7i^&^mm 
(Dmmm^^^-t, ^-r. x-v^r;u^it^«sa^jDbT 
v^:^vi«g«/&^i^ffi^b-r-5 z.ii^m^^m^x&-orz(Dx 

a5^>( :)5^;^j:0ginfcgB^J-T'«iBfi^^{bttfT^n-r. # 
{c-:3l.iT. x-y>Jr;K^Ji^:&S I MS 
( x:;^-r::i->M«^3'«Tffi) \z^K>m^tzm. m\i\z^t 

■^ntz. tutiib. =.v^M^t^fiK>}i:.mm\zm-DX^ 
«:LT*30, =iy'r)i^T^m\.tzmm(Dis.m(DmML(Di^ 

So 

[0 0 3 5] ^T. 8 0 0 A®#a«aiN*ffi<'^ X<;/ 
^r;i'Sr^ JP b fc^IJ^COifi^O*® T E M#gSr lai 3(C^ 

<^tgTEMRytTEM-EDX©^;l:*^e>, COgP^J-j&t 
N i S i, TfeoT. ^SOjKg^^loitC^fLTSiatCN 

*i*IJBJbTt.iS„ Cl®S«tC«lBS¥fT;j£^fig:gtt> X-y 

'!r;u^Sft»^JiPb;t«i^*^e>. ;*:$t^>fc«T«^B"Mm 
t)fiE«-r-5;i<h;6^lijiJ^n, I^PB^©lSJpRtXjfiS*^ii5< 
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T. 5 5 or, 4B#rBliI*3V^T«*^2 0 Mm^ScDfiSig 

<i 1 i> :^iRi-e*^c:i:*^t5*^ 
^, ^cDM^^, Hietcs^-To 
CO 0 3 6] K±«ll^»«tc:a-^^, %aj«e.«t^T 

[0 0 3 7] S-riKaE^StC-:?l/>T%^-5<i:. ;S^{bO«!] 

nm.m\z^^'^xwi.^±tm^^tfi. jiwi^wstt^tx^^ 

/^C-5^«FBm-&t|CDF«g®— O (N i S ) 75^. ^^-> 

i^^sjiSjasit:«-i5s:7cWi^ffi»Sja@t;^co. mmz 
wmmm.^{^\zm^'^&hfzf^^tim<bn^, 

[0 0 3 8] LyO^bfct*^^, *1Sfc*^:)^r6]ti. Sit;^ 

t^-y'r)mM^^mii\^xm-:fs\^\zm-oX^A\.. 
^®5£J:®cd:^[6]« <1 1 1> <t;^cD. ^J^^SSOOA 

mmn^mm:^m^^tzm'^\z\t.i^^^m-^\^'hnmz 
<i 1 1) tifS:^, ^^;l<7)i^^fcs^c^^as^«-;*:7c 

:sL^)v^-u. mm<nmn=.v^)v^^tia-r^z.ii\z^ 

[0 0 3 9] ^^(r, ±.%^:z.y^)v^mmm^^}i't<D^^ 
m(Di^^3im>^\z-o\^^x<Dn%^^^mm-t^, 

y^}V^W^m\.X\^tS.\^^m. 0 0"C@fl?T'^+^ 

"j^JVOmm^^wi'i&O^mz 1 0" a t oms/cm' 
~1 0" a t oms/cm' ig^c!: L;fti^-&tC«. --y 
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[0 0 4 0] ^nic*fL. mSHi5»tt. 

tr)vmm^mm^ii\t^\.x\mj.±.^<. 

7t ;t a6 . «1^Fb1T jg-r ^ W ic ^fif ^ti^ii^'P 

^mti^^m^nx^^^. t^^^z-t^ix^^o 
[0 0 4 1] ±^m\3iz^-r^^$>^^^\ti^mz 

mx$,^TEMw-m^mi5\z^-ro Eii5ict±, ^(D^m 
izm^^M^^mnxidK). cco^'^itmmcomr) n i s 

cfe S V i tciK^fie:^-r S 5tS^gg {:i « - dr 

[0 0 4 2] ^:ix\ ^mmmxm^-r^mm(D^m(D 

US— gt-B-Li6^c:<ttCJ;0, +^ U ZO^ili*^[fi]±$ 

m:&j^iz^^^&i^rz^^^^mm(Dm^mmii=.y^ 
)i'i)mua^tirzm^(D'pmo)mm^^im-r^:iii\zj: 

[0 0 4 3] $f-*ii*fe« 

&mzmm^Mvrz0^^:^[^x$>o. u*^fc;i©fiKfi:* 
rajn, 8 0 0 AcDW/P«:*5ViTH mmizit, :Ln&.± 

(Dmmtzis\,^x\tmmx$>^:iiif3mmvx\^^^-^^) 

<i 1 i> ©W;^|fi]lc^^te^WT-5;&ifi]T?S.»3, 

j6x«{csia;^c*fsi) \zi(iLxmifi&d\zM^^mmm^m-r 

^ U 7©t(itn-S;^f|S3i:7!)^*^±tC-5!t-r'g) CI <i: «fflilT'ab 

10. ^rz^m^^±iz±m\zm-ox. —mfsi:^\^izm-:3 
x^&-r^ibnx{trj.i^^o "tzLxmm^miivxit. ^ 
^0S.&(D:&{S]itw-i^mu:^\^tLx^ibihn^o i/c^ 

Td5n«— ifcLTt^^ii9-;^£-r Cltt 8 0 0A©#^ 
[0 0 4 4] ^(c. ;SgRt>'gei6]tt©$ij«;&ffi(c-:3(.iT 



( 9 ) 



7-321339 
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[0 0 4 5] • mm7tm^^mn^mmm(D»mizmA 

• mmmm^&^it^itfz^cD^w^ 
-me^&zfa^T.^^mLrzm'^-r:, mmfS.^mm^± 
Ttt,mitmmx'if^^tirzmmt-r^t\ ±mtm^t 
^mAm^^^mmtr^A^o^itmi lo 

[0 0 4 6] ^LT. ±IB®/t^^ — iS'^^'fkSii-fct 
(111) S|fil?*«EJt= 1 <-^) 



16 



m-r^o\z (111) serS]tk*^^«-r-i)c:ticL, 

(111) iBlS]14*-5i^l.ii:l.ie)g^^JilB (1 1 1) IB 
[pJit^Ti^O. 6 7e;l± (^i&iC7>^Afj:|»j^l3*3(/iT 
«±tB^«JctS3<i: (1 1 1) mi^itm-^^Q. 3 3 tfs. 

K>. :i<Ditmcoi§&,±<DitmA^s>ni-£ (i i d ffiifiit 
i^Ajx^'brnmA^ti^^t^^tz^x'^)^) t-r-sctirL- 

fZo 

[0 0 4 7] 

[^1] 



(2 2 0) B2|Sli^ltib= 



(3 11) gSl5li?fcifc= 



( 2 2 0 ) CD ( 1 1 1) tzit-t?,m*i^& 
(2 2 0) CD (1 M) t-itt-««IS*^K 

S^sfcD (31 1 ) g> ( 1 1 1 ) izictr^fBM ^& 

t&*cD ( 3 1 1 ) CD ( 1 1 1 ) izm-r?>mM^m 



(111) K[Rlit^ = 



(111) SHlfili^a; 



(111) BB|6l#|Eit+ (2 2 0) SaiS]f^ffiit+ (311) ElSjj^eJt 



[0 0 4 8] ^bT;iO (111) ffi[S]it*$a(Cp 
Lfdi^ll, TtB«l, «2, ^3, «4RZ/EIlcD;g|/^C 

[0 0 4 9] 
[^1] 



[^3] 

















at< (111) 





[0 0 5 0] 
[«2] 

















5*< (111) 





30 



40 



(111) lElPj^ ->/J\ 



[0 0 5 2] 
[«4] 









TO (1 1 1 ) 







[0 0 5 1] 



50 



[0 0 5 3] t^. i^&:^m\tm^\zm^nfz/^y 
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-r-5) ^Sr5 5 O-CSB^PbI. ^©t^CD U— tf-i^S^b (ffi 

'^mX'^^) ^300mJ/cm' iiLfz. 
[0 0 5 4] Sltt, ^^'tCS^^tlTVi-SaO. 

[0 0 5 5] ^2«. iS^figS:^?i*^^;t«-&co^m 

^^■f}^ (mmmwmz-Di^-^Titmm) ats^^tc (i i 20 
[0 0 5 6] ssttiKPfe^ttfc^^v^TT^^d^. mm 

«3 0 0 At)^>b 5 0 0 0 AtCOtiTHSISfrofctC 
^. «SfigftgP^}-lC-:3V^Ttt^;?*^'»V^f5i: (1 1 1) Be 

©1^. 4 0 0 A*^^ 8 0 0 A(C':3ViT«g|9 t::^$tis 

^\mM^nts.t^-:>tz, ^4««lfiK:g7'a-feXIC:*3Vs 

T. ±ffi<7)^'fi:amiK©*«^itK-r^*iKo^^T-* 30 

jpizj;o^«iBiR]tt*^^^t:-r'S)*^*fBrnfe (i 1 1) bhi^] 

(1 1 1) B3[SH4y{)i?i<, #('0935^e>fc?S<S^i^$tl 
Sckofc, 8 0 0 AJ&^TT«A^;*3:0 3^li (1 1 1) 1216] 

mM^9.Q Q k\ikTt.f^^t.\Z.^-D-Z. (Ill) SB 

[0 0 5 7] iai«, m.'^^^m\^. -v'r)\/(r>mxim, 40 
1) S2[^ait*^. Sfc*#J©iiSittd^^— 

CCiit^S::^Lfcfc©Tab^, ;iCD|aj;0, ( 1 1 1 ) 12 
l&lJt^^, »iK7C*<?5?lStCj;oT^>^A75-'^ (1 1 
1) SSfBltt^TgStc^'fb^-tir^^lidMteT-^'S^li 
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fijo, 'e-oct(i?is^<t:©ftt5 0icijn!^iaft5:z>'iiif^ 

-a- ^ X. T |p| ^ « ffi |p] B S tl -5 d i ( C ct 0 fil ig S tl 

[0 0 5 8] 'JkVZ. m\Z.\t.^\^-Z\<^f£\-^ifi. ^W>Z.-Z>\^ 

W tf ^ iSe ^ t? * « ^ ffi S T ® t d ^ W b T V i T^C 
V^o ) « F— XS^li^-rtcatlT. 3 3/zm*^5 2 0 

[0 0 5 9] ±ie©IISI;?gm«<i:®<ll;^j:«ifiiCJ; 

[0 0 6 0] mio^miz-D^^Tit. Tm^mizmmTL 
m^mx\.rzm'&{z\i. i^^±-r^mz-r-v\zTm<Dm 
S^SttTiiO. r:©P^f.#.T- (111) &\^mzu^^ 
mm^^^K ttuziti^T. mm-rrm^±-r^m-^\z\t 
Tmoymm^^i-ftiz. ^yyAum^t^^-r^^i!*^ 

<i:#;^ ^ tlS coTafe -2). 
[0 0 6 1] S2«^*iCOt/iTtt, ia^fig:lgP^tt±K!i 

[0 0 6 2] msaymm&^mz-o^^TU. mm*^m< 
tj.ni,-£. m±^(D^mx.:^)i^^-izM'r^Tmmitmm 

1) izm(i>\-^i±^t)-Am^^^h^^^n^. 
[0063] ^402 ow^fiEfi (±mizmitmmm-A^ 

1 1) ffi[n]'|4i:fi.5fc<Di:#x.^tl-5. ^tXtC^fb. ± 

mzm^t^m<Dm^^m^&:fa±7.\tz.<D^m<Dm^A^ 
m^izfi^tzsb^nrznmMtiA^m^D mi) &.{^ 
©ffii6]tt$-^-rt)®i:^;t6n^o tz.^xmm<^m 

\z. _h®tcS?{t;a^®*EVi«figg:/D-trx{c*5iiT«, 
A®#aKa^*fflVife«^tcfi (2 0 0) ^^Viti 

(3 11) <D^\i!]m^^<mm^nfz. cmtc-^i^T 
i9(DmummxmmB^Af}^is^^-:>x'^^^iim^^:it^^ 

fip-^, ^^CDfiE:SS5 0 la5^Vi«5 0 6tt 

(111) ®-eabO. cn«#{c— 3tt?a5-5j5^ cwm 

f)mmzMLx iio:)my3.Mm^^vxl^^^7b^t^(Dmm 
iz^ir)m$~mmz^^-r^t^^oh<DX'$>^o tcnm 
^mmifi^itfmt. ^jx.«8 0 oA©^ff(c*3t,iT 
mffl-^t±®isafi!^s;5^^i] 5 o 4<hiSft^:gffl5 o i 
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<i 1 1> m\zmm.ti-:^f^Amm^ri^:iiiizf£^. l 
75^L.MJ?5 0 0 AtcijiiTti, m^^mms 0 6 

(t±«^^fie*::^[p] 5 0 5 <>:ttiiiaT«;^£< . ^-w^iS 

yA;5:3S*lc#ftlLT. 1/-- 9-'-^S^b*i ( 1 1 1 ) BB 
loJTfe -5 C t ^ -5 :i t {r J; o T^l, (XtftBJ $ . 

Dfel^-if-iSa^bLfe (111) iB|£H4(^gB^^*i#Vi 
-■^-mm^tVfc (111) BS[SjcDgl5ii-;!)^-5fe<h'fj:l^«3JT- 

^Hr^lzmn, (111) iSl^i]it^;>&5i^<!^cC-5>Cidi*iJ 
iSJ6-5;it*J (111) E[B]it^S:^J6SC:ilCiS^U 

[0 0 6 4] ;*:(c)tasJcoviT«. ttiK!>®S^^iji?gT 

^tzibizit. mmTcm^m^^tzm'^izit^commmwr^ 

# T L. * -5 t # ;^ ^ t tJJBj pf^gT ab .g) o 
[0 0 6 5] «toT;itie.^*<i:a6^t, ffifii^^'ftS, 

[0 0 6 6] *-rffrtiiLT:n>yir;Kcft^$n-5Mi« 30 
7E*$-^E*^e^^ffi}4T^llIl-r^;&ffi<£rfflVi, f&mitlZ 

\mm^mti—^-mm'{t^mm-r^^t\z-r^o :i 
(DmzMimTcm^mmizmia-r^ c t tc * o ^^itum 

[0067] • (111) E|6H4*ii«liMSrttAcViJ^-& 
it^^/h$<-rs, r:<75;&fe$fflli-g)r:i:(Cj;0. (1 

1 1 ) saiojjt^^ 0 . 6 7 ~ 1 (Drnx^Mizmm-r^ z. 
[0 0 6 8] • ^>yAr£m^mrz^^m'^ 

[0 0 6 9] ■ ±tz(D'pr^(Dm\^^^m-r^m^mz\,^ 

^jg^(;:-r-5. c:©yD-fe;^i£-fflVi^c<i:{cj;0. (i so 
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1 1 ) BB(S]lt^€r 0 . 3 S-loyfn^X'UMizm'mr^Z. 

i:7^^-^mx&^, z:(Dm^ititm^mmti.miz-r^yjm 

[0 0 7 0] • •tOftfi«gH[n]'tt©M<&»fcli«^ 

it:$-&^Cli:(cJ;0EfoH4**JP-r^<. CO^lcH. 1^ 
mtLXitS 0 0A*^?>3 0 0 AigS©FBlT^'fk$-l*--5 

m\ii\Z0^K)^-r<. S/c3 0 0 AJi^TT«i?£S/Sfi?S^B 
[0 0 7 1] ^ftCD^g$r^;l^^|^tLTttt^ 

T(Dmiz-rni/t^^\ 

[0 0 7 2] • !|SiM$:/hS<-r-5«^, ^SD-r-SMjKTC 

[0 0 7 3] f^, ±^<Dmm7cm<Dmijam^mmT^(D 

T ^ ^ « BU BBMj«7C^CD^*n« IC J: o T -« W tc 
[0 0 7 4] *^BJtc43V>>T«. mi^TCmtX.X-y'r 

)i'^m^^rzm'^izmhmmum^^'^^ z. td^T^-s 
^(Dmmmx'^^mmTimoymmtvxit, jfsb 

<ttPt, Cu. Ag, Au. In, Sn, Pd, P, 

As. sh^mm-§-^z.iitiix^^o cnibo)7tm\i^ 
mizMvxmxm(D7cmx'$>K), ^m^<^\z^m\^x\^^ 

[0 0 7 5] ±tz, mm7€m<Dmx:^mt, tk^jk^t 
)i=i-)im(Dmm.^m^^rznnmizm^-^n^^(Dxit 
f3:<, mm7cm^^/vrzmn^!K<m\'^^:iiit)ix^ 
m^i-£. mm7tm^-^/otz^mit'^!^^mit^t:m 

[0 0 7 6] ±a!®#®#tt^[®*Afc_h 

TTFT{cjtc;:ffl-r«>;^j*tcoi.iTlttBj-r-s. ci^ttf 

^ :itAm^x$>^A^, *^Bj®- >;/ ^jimmmua^u 
^izm^mmx'i^^itti^simx'&K) . mzifiFmx'$>^, 

-ydrJl^^mm^taL, 5 0 0 ~ 5 5 0 'C@S-e4 

t^mmm^^m^t-^'^^z.iziz^t). f^^^^m-r^'>'j 
zi>izm^m^^z.iit^?^mizojmx&^> x-y-' 
-f yji-jim^'tnmfBiz^m-r^iZ-mt&^A^, ^ 
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Ttt> ^mtr-^ vm^m-t^mmvyyi^x^ (tf 

[0 0 7 7] 

mmmi^ i^mmm\^. i 2 o o k(Dmim.mm^m. 10 

>;/^r;i.^SAL. eii5£S^fTt5it. (Ill) ElS]ttC0 
[0 0 7 8] 0 3 t::*:^lig^J(rt5tt-5f^iaxg®tflB&* 

s^-r. *-r, ;^/^xs«i 1 (^-->^7 0 5 9, 1 

0 cm^) ±(DiYmn^mm I 2 (y^-XTCVDcDS 
0 0 A©M) ±ICVXi7i:;^i^^{t:^^JR2 1 (*/\'- 
mt^M) $-1 0 0 0 A{y.±, d 1 2 0 0 A©ff 

5|HJ#^(Dill^(Cj;^i: 5 0 0 K-Ti^fi[mffifS.^^Z.ii^ 20 

[0 0 7 9] ^vxmn(ny:i-h^)'jm'-—>ifTM 
•r^z.ii\z^':>xnrAf:>n^. ti.i3:icr>mi\i^mm2 0 30 

©P^f«2 0~5 0 Aigg?i:#;lSn^. (0 3 
(A) ) 

[0 0 8 0] C»4^ffitC*DViT. 1 0 0 p pm»- u/'^ 

T-So ^fcirof^. Xtf±— 1 5-e5 0 r pm 
-CI 0^J><DXe>3-h^fTl.^, SS^B^#:{Ci^— 

Ufc^Xfcf^— S:fflViT2 0 0 0 r pm. 6 0fi>©Xtf 

0~ 1 0 0 r pmO|Hlg$:$ii-;^;&i^)fT75:oTfectVi, 40 
(03 (B) ) 

[0081] ^UT550^ {^mm-m%) , s »#Pb^« 

^■ff5. CWI^. zi->dr;i/d^^A$:nfcgB^i-2 2<D®J|g 

U. 300mJ/cm' «/'^'7— SBSTK r FX^i'T 
I/— y-* (2 4 8 nm) iCi^ I/— y--^a^bS:fT-:3fc:. 50 
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[0 0 8 2] CO#l'bT^#e.tl>5:->Un>JK€rX||[51 
*ff^fToT^AciC5. (1 1 1) ffil^it^TS^O. 9 1 
7 (Ill) iHrS]'l4*i#^^(Cii5t,iiKAqt?>n7t„ ^ 

[0 0 8 3] mmm 2 d i^^mm\t. mmm it±< 

0 Ai8 0 0 A»2a«Ti^Lfc«sjT-S-5, 
[0 0 8 4] ^*<i:LT«. X^IilJ/f*^ (1 1 

1) gBf6]Jt^{COUT«, 4 0 0 A®iSi|sftt*51 . 0 i 
m^^±\Z (111) iai^iICDMT-$.0. 8 0 Ok(DUM 
ttO. 7 2 0 i:5 0 0A{3jt*ieLTe^ (1 1 1) iHlS] 

[0 0 8 5] [|^iSfiaj3] **JS0<JT«. ^a^b^gii:^ 

[0 0 8 6] 05^fflViT. mmyxim {Z.Z.-Q\-t-y^ 

^ajfCiJViTtt. *«1 1 i:bTa-->>/7 0 5 9:^^ 
X<£:fflVi-5o 1 0 Ommx 1 0 0mm 

[0 0 8 7] ^r, ^mn^m'mi 2^-:fyx-^cvB 

J*^LPCVDffi(Cj;oTl 0 0~1 5 0 0 AjgfiKT 

1 2^5 0 0A®jP$lCJEigM-r^, (05 (A)) 
[0 0 8 8] ^LT, f^nSI^g^^<t;M^lJO|^<fc 

is6{C7>;/^5!ia*fTVi, ^©fS^^tlK 1 3 ^ 1 0 ~ 5 0 
AIC^MT^. ?^n*««T^-5«^{C«, Sf^kl^l 3 

[0 0 8 9] is.^. z.(Dmtmi 3\imn(r>rz^iEmu 
mmi^m-^^)^*^. 2 oA:eftTS-5<h#Ae,n.g.. 

3^fiKa-r^o ^m»H^4' tcjoi-^Tuv 

€r5i)-PBlMMT'5vl<hfc:43oTff/Jo^, dOgf-ftMl 
[0 0 9 0] dWSffblKl 3«. «©z:>:/^;^^^^fc 

\zm-mMmm^n^m.<h^^rz^. fiP*.stn4©eJcso 
^cDfcoTab^o i¥^n^mm<D^m\zm.mm 

[0 0 9 1] -SJ^tc. ::i>y^r;i/Wi^@?:te*}§Jg^f^;2>. 
r:-;/^r;U®igS«2 5 p pmfT^o ^LTdOp^it 
^^Sr^^gg^M 1 2 ±<7)SE{t:lK 1 3 (Dmm\Z 2 m 1 
?KTU, 7jc)Ml 4S:fl^fig-r^. SfcC:©«^^5 5j-FB^« 
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jt-r-So ^LT;^fcf:^— ^fflViTXtf> (200 
0 r pm, 6 0#) ^fiOo (S 5 (C) . (D) ) 

T, ^01*2 5 p pmtUfc, ^7t. ^?^i:LT2-X 

[0 0 9 3] :i(D-^y^jumm<Dm.^T.m^. im-m 

[0 0 9 4] ±ie^M®M*cD^, 1 ^J-rs^^cD^^^Sfi^ 
1 2 tplz^^n^rL^ytrjUo^m^^UmT^ d i*^' 
[0 0 9 5] ^LT. ini^*P(C*5ViT. ^S»H«it'{C 

>tf3.-^'^fflViAcPi^^W75^e*J6fci:C15, 9 8. 
8 4%T*ofc. 

[0 0 9 6] ±teojn[^5!igitt4 5 o«JiA±©iaST-ff 

e«;^C^-r, :tfiSi*;&^ig;T-r-So ^fc. 5 5 OSU^± 
[0 0 9 7] *IISS0iJ(C*5liTtt, #^SS^mjK±{'fit 

^<Dm'^\z\t.. Hiijzi?®iio (111) w.}^mnm\zM 
< 7^-3 T b * 5 t {ca*-r-5'i:>S*^**-5o 

[0 0 9 8] gC^^tt^^T-SS^M 
12$:t#it€), K r FX^v'VU'— !f (?gg2 4 8 n 
m, /^;i/Xi|@3 0 n s e c) ^^^l^ffl^'f (C*5ViT 2 
0 0~3 5 Om J/cm' ©Z^"?— ^^T'^va h, * 40 
ilJS«sj7?«3 0 OmJ/cm'Tl v'a hMStb. S 
^IKl 2*^:i:lC^S{k-arL.*^o ;i©Xg[S. SS^I-^ 
o:>mM\z^-oX'h^\>^. 

[0 0 9 9] C(D<^tCbTf#?,nfci^S14^*-r-5S^ 

EI6{C:^-r» (111) (2 2 0) (3 1 1)®lf— 

t«2S!l^ti, ^:nic-:pt/^T (111) IBifiJJt 
^^tf-fitf -Si: 0. 4 0 5 7>yA;icag*^f&Ma 

0 ft ^. nx ^ c <h d^'iiyjBj b fc. 
[0100] mmm 4 ] nmm 3 (c*5 1.^ so 
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T. mMyf:mx$i^—'y'T)vm.(Dmm.^ivx)mh\^r^ 
%<Dx-$>^o 'to:>m(Dfi!imit±x^mm3tmmx'& 

±^<-r?>:itt^'^mx$>^. sfc. ^mmm\zmi-x 

@4B^gJ:^fr^4B#rBl©fcOt 1 6B#rBl®#l® 2^ 
^Lfc8Si|sftt. *M0tJ3co^s|sfJ:Ofe#^Ka*«g|5^ 

=&i&T-r^Z.t:iZJ:D. — ^, lISS 
2 (Dm-^tit^LX^^ < T-S C i:*^ nJSgT* -5 C t 

[0 10 1] Mtc. l^— 9-*-^^^t:^OSS^ef^X^[Hl»f 

1) SBiajtfc^d^'o. 7 3 0t. (1 1 1) BBraj-tt^M*^ 

X^^fz, 

^^•fiJfflLTf^iSiU^cSSattamaSrffll^T. TFT* 
t#.2.^J-eS.-5>o *5I5EC«J©TFT«. T 7" -< :/ V h U 
•i/ i7 7.^«Jg^a*Sfi© H /N'-lHlBS-^iii*gB^{c 
fflli^Cltj&^-C^-So ?JC*5. TFTWJ^ffl^HibT 

a [eI 8S t C f (J ffl T' # ^ C t « •p S T 75: V ^ o 

[0102] mr iz:^nmm(Di^mj:m(Dmm^^T<. 
^-r:^^xasi i±(cTflfiw^<bamM (las^-e-r) 

*2 0 0 0 Aojl^fCfigiK-r-S. 

[0 10 3] ^LT. $mmmmm.t:^mmi tmmu 
Affix's 0 oAcDji^tcfigMf^o ^L-x. ^mmitm 

mm<Dm-$\zmmnmm.x'<Duv^(Dmmzj^-oXB5.m 

[0 10 4] -?-bX2 5 p pTn(D=.y^}U^^mvrzm 
tf > F 7 ff 5 , ^ ® ft /N* 7 T 7 >y (C J; o xm^b 

1 izmi'rzi¥m:^miimc) 

[0 10 5] ±tBSD^ma*f7-5c:,h{cj:ox. $mm 
f^^ii^^0Si'^tt)^MtE\^rzmmm^n'bn^o c®!^ 

^^^iZitm^m^^^^l-X^^^o $ e.lCK r FX:^^-> 
VU— if-^$:2 0 0~3 0 Om J/cm' , *SIJSC«I 
X«3 0 Om J/cm' X^^ftf'S C tfCJ: 0 . 

i^x«. »«*4 0 oresicip^-r-So iiwisj;-^ 
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[0 10 6] :^IZ. f5S^bLfc^«]K^A37-->i/U 

4 \tT FT (D^^m^m^-t^o ^LT, jp$ 2 0 0- 

1 5 0 0A, CCTill 0 0 0 AcD^^fhSmiil 0 5^ 

(137 (A) ) 

[0 10 7] ±tmit^mmi o 3<Djfm\ziitmM^^ii^- 

icS^SaSl 5 0--6 0 Ot:, ^fSL<ti3 0 0-'4 5 10 

ot:T\ rf:/^x'vc VD&Ti^^ • ±i«L;^o te 

05 i:^*C0j£:^lttil : 1-1 : 3. ^fz. J^tllt 
0. OS'-O. 5torr. R F/^»7 — 1 0 0 2 5 

t <h t::MiEC V t> b < ti^mc V DffitCcfco 
S^iaS^S 5 0-6 0 or, itfSL<ti4 0 0 — 5 5 
Ot:chLT?^fiEb;to jsg]^^, ^mfeb< ^l:^^y>co# 

H«.T4 0 0-6 0 ox:t3 0-6 o^y-'-jii.rc. 

[0 10 8] Cc^t^ffiTK r Fx4^>/^-l/-1f— m 
:g2 4 8 nm, A;l/Xi|Ji2 0 n s e c) $>^\^^{t^nt 20 

riz. ^mo^^mifimizmm'r^zLt'fj^'x:^. L;o^t> 
mmtmit^mmt(D^m\z^n^^mm&^M.'p'^i^ 

<Di^m\z:^^^T\tmmx$>^o 

[0 10 9] ^(D^. 2 0 0 0 A-1 unKDYJl^ 

/i^-->i/b. y-r h^ffii 0 e^j^^s-r-^o t;i/^ 30 

:=^OL.\Z\t7s:^yi^OA (Sc) <^0. 15-0. 2S 
7, 1-3 %C0S:5m(DX^l/>i?'UZF-;^^?gfZ§ 

2 2 0 V^TMS^±^f, ^Ot^^TlBtrs^JtbT*^ 
1500-3500 A, m^^I. 2000 Ac?:)^®^>fb 

mio^^m^-r^o mi (b) ) 40 

[0 110] ^Ot^. :^->K-hf>^ii (y^X-^H 

y^> iPH, ) H-XfitS, 1-4X10 

" cm-' iif^o 

[0 111] $^t3. Hi 7 (C) H^-rci:'5t::K r Fx 
U— tf— (iSS2 4 8 nm, /i;i/Xi|ii2 0ns 

ec) ^mMvx. ±$^^mmmi^(Dmx\z^'oT^^^ 



^-Jl^^-^Sti 1 50-400mJ/cm' . $f ^ L < 
ti2 0 0-2 5 Om J/cm' T^^, Z.oLX. NM 

m) ®^io8. 1 0 d^m^-r^o :zn^(D 

m^<Dzy-hm,mt2 0 0-8 0 0 Q/\3tU^o 

[0 112] ZLCDXm^ZiDl^^X. U-lf-Tt^fflV^^^-^ 
toK)\Z. yyyy:2,^>'f^&mLXm^Wzi 0 0 0 

-12 0 ox: (>-u=i>^x^-(Z)iag) ^t±#$ 
)U'7-—)U) (RTF. ^tf h • • T'p-fe: 

[0 113] ^ffitcBF^^i^iB^^l 1 O^LT. 

TEOS^I^J^iibT, cnii^P^iiOT/^Xs'C VD 

Bmz^^xmt^mm'^m-^ 3000 Ajg^-r s 
isssts 2 5 0-4 5 ox:, 3 5or^-r^o 

ttS^tcWIgT^o (|g|7 (D) ) 

[0 114] ^LT. mmmm^i 1 o^x^75^>:i>'b 

T> BI7 (E) tc^-rJ:ot'TFT(7)y— x/Hl/'Y> 

>(Dmm 112, 113 ^j^^rEf^o 

[0 115] Sf^tl. 7}cPg4'T3 0 0-4 0 Ot:TO. 

{::f^M b fc^Scco T F T ^ V h U i7 X <^ t:: gE^J-& L a6 T 

dcOTFTti. y-X/Hl/-r >ffi^l 0 8/1 0 9 
"^^^-JVm^m^l 14^WbTV^^o ^Ttl 1 5^^N 

[0 116] ^iiifSCBjcD^^^sfflbfcS^, m^m^ 

tC#fir^Xu/y;K^SStl. 3 X 1 O"* cm ^^^^ 
^V^ti-^ntJlTco. IX 10" atoms cm"' — 3X10 
"atoms c m"' "C^-Sih^^^tl^o 

[0 117] ^HJS^iJTf^K^ny^cTFT^i. S^KjS;^^ 
N^^^;i/T7 5 cm^ / V s J^±0 GtlTl^ 
^rcVt,^>/h$<M»;S#'lt^WbTVi^C<h*^*m 

m-^nxi^^^o ^^{c, ^iiisoA*^!y+t>± 5 %eAF^ 

^^ffJfflbfe^^iCti, N5^'\':?^;i/^-T?l 0 0 cm' / 

[0118] immm e ] 5 cdx 

y;Uiift^l ppm<hb. ^sfris^;^#<-r^fii^-c 

[0 119] m^t\^x\t. ^mm^^N^^:^)\^xi 5 
ocm' siik±<D^<D7^m^tirzo :in\tm^nm 
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(111) BBi^itti&fe-siS^WbTi^i-afcie*. 

[0 12 0] immm?: :^mmm\zi5\,^r\-i. mmm 

CtiCJz-pT, StS^^iC (111) gBlRltt©MSr|§^ 

[0 12 1] 0 8{C:*:SIM0ijOf^tS!l@$rS^-ro ^T, 
a«2 0 1^Sfel*L. TEOS (5"h^ • XH:^^-> • 

xm-^ 200 0 A©^cas®Ttifiii2 0 2 timrm- 

■5, -e-bx. :/^XvcvDj*(cJ;oT. J*;^ 3 0 0~ 20 
1 5 0 0 A. *IIJS0!lTtt4 0 0 AW^I* ( I ^) ®# 

^m.mmm2 o a ^sSiR-r-So s o o 

~2 0 0 0 A. mx\ti 0 0 0 ka:>mit^mm^2 05$: 

IK2 0 5^£>jlS?W{CX-y^>^bT, 
[0 12 2] ^bTllSS^J2 lC:^bfc;^)*trJ:0^^'fl; 

dWIgli, IIMCSJ 5 ^tzitmmM 6 tC^bfclSFffitcJ; 

[0 12 3] z.a:>m. ^mnm%T-c5 o o~6 2 o 
mollis 5 ox:, 8mmcoi}am!7--ji^f7^^, s 

^M2 0 3®^ft^t:^fT5o =iy^)vtmm 
JKd^Sttb;fc«i®2 0 e^tB^^^tbT. :^EnTs^sn 
-5=to{c»«('*tbT¥fT^i:;^[^lc^afigS*WT-r 

T^SYbbfegC^i-. Mii?2 0 3«#:^i^(ci^a{kbfegi5 40 

^i^^mTo d®2 0 3TS^$n-5«l:^|R]'N.®i^ffitt, 2 
5 Mmiga!TS-5„ (EI8 (A) ) 

[0 12 4] ±mMmmmiz^^i(B^iti:momiz^ <b 
izu—^-yt(^mm\zj^K>mmm2 o 3®i^att*sj:i 

3 5 0 m J / c m' T'^S^k^fTO Ac, 

[0 12 5] 'Aiz, mit^mm2 o ssri^sr-s. cio 
mm.2 0 Q(D^mizms^^ti^m^tm^mmizm^ so 
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•r-5. ^bT, a5gM2 0 4 ^/1^-x>i/^^. h^-t 

Xy5">i/bT. &t*ccr)fStteMi^2 0 8^}gJ5)4-r^. 
dWIS, EIS (A) -e2 0 6T-^K$nfc®««. =.-y^ 

)iAmmmx-^tirzmmx$> -y ^rji^i^Mmmz^ 
n>b<Dmw.xit, tcD'prsmmmzit^i.T—y^jun 

b;to 

[0 12 6] 1 0 o^«%co*^M^^ty 1 0 

^ffi, 5 0 o~6 0 ot:®, n.mmtz\t5 5 o-ccdhh 

a^flCiiViT. lP#FB^SJcS-r^CtlCj;oT, fSltS 
(^^M) 2 0 8 0^M<&S?^t:S-tt. Sf^t:il*a2 0 9 
^J^fiET-So 0 0 OAif-So 

Sf'ft;{CioTK^b^mia2 0 9Srfl^)5gbfe<D-S. »1S 
T >^:X7»ffl« ( 1 Ml£, 100%) , 400^ 

fc-g^lts-a-^c ^bT. =:©t/c^T-aist*tbT, ifeS 

0. 6~4Mm, m^li-£, 0. 8~1. 4jtimlCtf— ^ 

*fc-:3*ii-7t$3 o~ 1 8 o#,^.wb, mit^mm2o 
9izMi^TAimm=^m-ro ttiiz.(z>m, nmmzo. 

1~1 0%©HC 1 $:ilAbTt)J;Vio (0 8 (B) ) 
[0 12 7] ^l^iggtiT. XA-;/iS"J >i^ffitCJ:oT. 
3 0 0 0~8 0 0 0 A, m^iie 0 0 0 AC07)IS. 
x>i7A (0. 0 1~0. 2 %©X;^J>i?'J'A*-^tr) ^ 
^bT« 7';i/5X'i'AM^A°^$'-x>^b 

T, ^-r h«S2 1 os-jgfig-r-So (08(c)) 
[0 12 8] :icdt;u5 xf^^Aom^irosMSr 

mmwtitvx, mm\zmitmm2 i i^jgjs-rs. d® 
mmmitit., 7i5S!*n~5%-&*nfcx5"u>i^u=i 
-;u»?^<t^T?ff 5= m<^n^mit^m2 i iojp$«2 

0 0 OAT'^^o Z.(Dmit!^2 1 lit, f^CD-r^ 

(D) ) 

[0 12 9] 'A\Z, :t>h*-lf>i^S C/^XVH- 

tf>yffiTfcJ;Vi) tCctoT. ffittSMJ® (y-X/K 
■^^rV hnm2 1 0 t^CD^H®i?'fl:^2 1 1 

(PH, ) ^fflli. SPjg«BE&6 0~9 0 k V, ^sj 
X.tf8 0 k ViT-So K-X'»«l X 1 0"~8 X 1 0 
"cm-\«sj^fS, 4 X 1 0'= cm ' <t-r^. CCDi^ 

Nm<D^m.i^mi^ 2 i 2 1 2 i 3 ^m^-t^ :Liiti^ 
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mm. (:tymm.t^\,^o) ^^m-r^±X'mmx'&^. 
mmizmm^ntzmmmifui.^^ o \z u -^mss^^ig 

[0 13 0] U— tf-7tc7){llt(Cj:oTTZi- 
)\^=^nOo U-— y-'-Ttt LT«. KrFX+->VU— *f 
— (jKS2 4 8 nm. /t;PXi|ia 2 0 n s e c ) 10 

mt. X^^Jl/:¥^— SS75^2 0 0~4 0 Om J /cm' . 
^sj;ttS2 5 Om J/cm' tL-, — *^Rff ico^ 2 ~ 1 0 
->3 >y h, 9SJ;t«2 <y hSlML^c:. CICDU— 9-'-7t 
©S9*rNF(cSS*2 0 0~4 5 0"Cga^(CiD^-r-5^:i: 
JCct-pT. ^ft^$iip^-B-bJ6Tfccl;t.i, (08 (E) ) 
[0131] m^T. 6 0 0 0 AcoWtit^mm 2 1 

4^mmfim^i:vxzfyX-^cvDmz^-Dxmi$.-r 

-rs h']K2 1 s^ms^L. «M^¥S{t:t-^o 20 
[0 13 2] ^LT, mmft&m<^2 14, 2 1 5 ten > 

2 17, 218 S:J^fiX-r^, 1 ^JEWtK^SH 

aT3 5 0'C, 3 0^i-CDT--JI/^fT^^, TFT^^f 
^T^-x-f^/Th'Ji^xcoBmielS&^^Bg-r^. (13 8 
(F) ) 

[0 13 3] **JfS«ajTf^ML)tTFT«i^^l)jS^f# 

^^SSCD K7'r/N*-[HlS§('fiJffl-r-l)Cli75iT#-5. ft 30 
#:«)lCtti^ilia[*m5^^^;i/-C2 5 0 cm' /V s CA± 

-Dtztzib. 1^mzi^»^■^s^y'^^')vm&.ffi^'V\^tzz. 

t ic ^ ES L T U -5 i: $ tl ^ „ 

[0 13 4] mmms^ ^m^jto^bk 

IP-^, 5 0 0A®*tt (IS) ®INSHS^M2 0 3O 

»tcig^«{cfigMLfejp$ 5 oo~2oooA, m^^t 

1 0 0 0A©gfjta^^2 0 5^*|IISL, ^Of^^^OtC 

OCD Type-2 <D J y Y—Zf(ni(i^ Si -5 
9 0 0 0-SG<£«l,i, :i<D^iZ--ydrJlit'^m^^m 

fiz-^'bLx$mizm^mtm^M0s.v. ■=t<DmzocD 

^fSimi^tzo ^<DmS O'CRD^l 5 OX:(D-/^)^—^^ 
frti. i!SgtiT2 5 0*CCD^3-T€:ff 0}*^, 



teE|,i:©-&(C«2 5 O'CTfeJte^i'lCX-v^rJl/TS^ieScLTL 
Lf^^o tilT«lStt*SB^J7 tt5«|f|^T'$>-g>fci*#BS 

T-5, mibnrzTFT<Di^mt^mm7 <Dm^?^Emm 
x'$>-:)rzo m^nrzTFT(D^—h^^^mmv. t(o 

^. at^ (2 0 0) ga[6]i:;i5:^Tl.i^Ci::*^ffiS«$n 

[0 13 5] C*iS^J9] **SS«SJ«, ;^r^xs«±tz 
JgJ5K$ tl/c^Sttamiil^ffl Vi;';: P ^t^Jl'ST F T 
(FTFTtt.i-5) (hN^^-V^^USTFT (NTFT<fc 

•5, i2iio(c**js0ij«>f^$!xe<^i»f®0*^-r. s-r, 

S« (n — ->i;'7 0 5 9) 3 0 1 ilCXZ-^-y^ 'J 
fe{Cj;t)TJ?S 2 0 0 0 A«®!'fbS^CDTfflM3 0 2 

J^eer ^ o o #-(c ^ ^ X i7 * tt^^ba^lK^ \z J; 

ciTJl^fiK^tlfc^Xi? 3 0 3 ^iStt-S. ;i<Dx'Xi7 3 0 
3 tt, 3 0 0 ©ffl^TX U ht*c{CTS^M 3 0 2 <5:®M 
IP%. EilO (A) n^m-^iMti^^^^iz. X 
'J >;/ I-^^tcTifi]K3 0 2«®MbTfeO. <tfitSgB53'«V 
X^'StlTt^'St^ffii^CoTt/i^. 

[0136] ±IBVX i7 3 0 3 ^Srlgttfct^, X/^ v 9 'J 
>^5^S{CJ;oT. JP$5~2 0 0A, «aj;ltf2 0AoS 
{bx^^z-Jr^n^ (^t^^N i S i. , 0. 4^x^2. 
5, x = 2. 0) $r3 0 0O^J^lCiMJ?e<J{CfiK 

[0 13 7] O^IC, y^X'VC VD^tca:oT. P$ 
500~1 500 A. mfL\-t \ 0 0 0 A©*tt ( I S) 
«#^S«a^M3 0 4<&fig]^t-^. ^LT. dtl**^ 
STcflH^T ($fSL<tS. *«(D^JE/5to. 1~1« 
JI) , 5 5 0\;, Sfctt^SttSffl^ffc (;>C«ffi) . 5 
5 or. T'4B#rBl7n-;UbTSS^<b$-a-^o :iC9^. 

mc-y'r)vwf'msm\z^m^ntzz Q(i(DmM\z^ 

t^Tti. S«3 0 1 (C*fLTSit;^(5](C#aMami^3 
0 4«iSa-fbd^SeciS„ ^-LT. «^3 0 0tAn®Mi^ 
T-tt, ^EP3 0 5TS^-rj;3(C. ®i^3 0 0:!5^€,«l75r|p] 

[0138] ±texacoii3*, ii-^m.^mw. 3 o 4 

ft, X/t>j/^iJ >i7'te{cJ;t5TJP$ 1 0 0 0 A®S!{t;a 
^IK3 0 6=£y-f h;^iBtMtLTJ6£)KT-5. X/1-y^"J 

U >^B#<7>aiSSm«2 0 0~4 0 or, «aj^tS350 



31 



T-fe-5o dp-r-SCl^rT-^ y-X/FU"f >rB^€:=^»j-r 
[0 13 9] §l#^l.iT. X/l-y^' U >i^te»CckoT. 
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